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Introduction
Aspirin and non-steroidal anti-inflammatory drugs (NSAID) have been associated with reduced risk of several cancers, including melanoma (1), breast (2) , and lung cancers (3) . However, the association with prostate cancer (PC) risk is less clear (4, 5) A recent meta-analysis of prospective and case-control cohort studies including over 100,000 PC cases worldwide found aspirin was associated with a reduced risk of total PC and PC-specific mortality; however the effect of any NSAID on PC appeared to vary by geographic region (6) . Indeed, studies from Europe found that the use of any NSAID was associated with an increased risk of total PC (7) (8) (9) whereas North American studies found a decreased risk of total PC among any NSAID users (10) (11) (12) (13) .
Given that anti-inflammatory medications can alter PSA levels (14) , which is the primary means used for PC detection, whether the findings of reduced PC risk among NSAID users in North America reflect reduced PC detection or truly a biological link with lower PC risk is unknown. In other words, if only men with abnormal PSAs are referred for biopsy, and if anti-inflammatory medications lower PSA, this could lead to fewer biopsies and reduced cancer detection. On the other hand, the missed cancers in men taking aspirin and/or NSAID would continue to grow and be detected at a later more aggressive stage.
Thus, detection bias could explain the observed association between anti-inflammatory medications and increased risk of total PC in Europe, where PSA screening is not as frequently practiced as in North America. Given these issues, the true association between anti-inflammatory medications and PC risk is unclear.
Our goal was to test the association between anti-inflammatory medication use and PC risk while minimizing reverse causation and PSA screening bias. To accomplish this, Author Manuscript Published OnlineFirst on December 17, 2014; DOI: 10.1158/1078-0432.CCR- we examined the association between aspirin and non-aspirin NSAID on PC diagnosis among men with an elevated PSA and negative pre-study biopsy in the REDUCE study, a 4-year randomized trial of dutasteride vs. placebo on PC risk (15) , where all men received biopsies at 2-and 4-years regardless of PSA levels. Given nearly 83% of men had at least one biopsy performed and >93% were per-protocol (i.e. performed regardless of PSA), this study provides a unique opportunity to test the association between aspirin and/or NSAID and PC risk largely independent of PSA. We hypothesized a priori that aspirin and/or NSAID would be associated with lower PC risk after controlling for clinical covariates, and this association would be independent of geographic region in this population where all had undergone PSA screening prior to the study.
Material and Methods

Study population
The design of the REDUCE study has been reported (15) . Eligible men were aged 50-75 years, with a serum PSA of 2.5-10 ng/mL if aged 50-60 years, or 3-10 ng/mL if >60 years, and a single, negative prostate biopsy (6-12 cores) within 6 months prior to enrollment (independent of the study).
Study design
REDUCE was a 4-year, multicenter, double-blind, placebo-controlled study (15) .
Eligible subjects were randomized to dutasteride 0.5 mg/day or placebo. Visits occurred every 6 months. Total serum PSA (Beckman Coulter Inc.) was assessed every 6 months, with doubled PSA values (±0.1 ng/mL in half of the subjects) reported to investigators for 
Statistical analysis
Use of either aspirin, NSAID or both, was self-reported. The association between use of aspirin, NSAID or both and baseline parameters was tested using Kruskal-Wallis for continuous variables and chi-squared for categorical variables.. The association between aspirin, NSAID or both and PSA as a continuous variable was examined using linear regression controlling for age (continuous), race (white, black, other), and DRE findings (suspicious for cancer vs. not)
The odds ratio (OR) associated with use of aspirin, NSAID or both at baseline and risk of total, low-grade (Gleason <7) or high-grade (Gleason >7) PC relative to no cancer was examined using multinomial logistic regression. We chose to mutually adjust To test whether the association between aspirin, NSAID or both at baseline and PC risk varied by geographic region (Europe vs. North America) or treatment arm, we tested for statistical interactions by including cross-product terms into the multivariable analysis.
There were not enough non-white men, men with a suspicious DRE, or men with diabetes or coronary artery disease to test for interactions and thus such analyses were not done. All analyses were conducted using SAS 9.3 and a p-value <0.05 was set as the threshold for statistical significance.
Results
Study population and baseline characteristics
The characteristics of the 8,122 men included in the efficacy population who received an on-study biopsy have been reported previously (15) . Men who reported use of anti-inflammatory medications were more likely to undergo at least one on-study biopsy compared to men who reported no use of anti-inflammatory medications (50% vs. 35%; p<0.001). Moreover, men who did not undergo a biopsy were similar aged, and had similar baseline PSA values, and DRE findings (all p>0.05). There were significant racial differences between men who did and did not undergo a biopsy (p<0.001). Specifically, black men were over-represented among men who did not receive a biopsy vs. the whole study population (3.9 vs. 1.9%, p<0.001). Anti-inflammatory medication users were equally likely to receive a second on-study biopsy when compared to non-users (p=0.12).
Among 6,729 men with at least one on-study biopsy, we excluded men with missing data for BMI (n=205), PSA (n=14), DRE (n=7), TRUS volume (n=76), smoking or alcohol use history (n=36), or hypertension (n=1), resulting in a study population of 6,390.
Overall, 3,169 men (50%) were non-users, while the other 50% was comprised of 1,368 (21%) aspirin users, 1,176 (18%) NSAID users, and 677 (11%) users of both aspirin and NSAID. Aspirin users were slightly older (64 yr.) compared to non-users (63 yr.) and NSAID users (61 yr.) (p<0.001). Use of both aspirin and NSAID was more common among North American compared to European men (p<0.001). Aspirin and NSAID users were slightly but significantly heavier than non-users (p<0.001) and PSA values were lower in aspirin, NSAID and/or both users compared to non-users (p=0.007). However, more suspicious DREs were observed in aspirin and NSAID users compared to non-users (p<0.001) ( Table 1) . After adjusting for age, race, and DRE, relative to non-users, the use of aspirin or the use of both aspirin and NSAID were both significantly related to lower PSA (β= -0.18; -0.22, respectively, p≤0.006). The use of NSAID alone was not related to significantly lower PSA values, though the direction was for lower PSA values (β= -0.09, p=0.16).
Aspirin, NSAID, and PC cancer risk
Prostate cancer was detected in 1,436 men (22%), which was low-grade in 1,000 (16%), and high-grade in 436 (7%). In univariable analysis, aspirin use was associated with 
The interactions of anti-inflammatory drug use with geographic region (pinteraction=0.41) or with treatment arm (p-interaction=0.86) in predicting risk of overall PC were not significant (data not shown).
Discussion
Despite a protective effect of NSAID on PC development observed in animal studies (16) , the epidemiologic evidence for aspirin and other NSAID use against PC is suggestive
but not yet conclusive (4) . Indeed a recent meta-analysis found that while aspirin use was associated with a modest reduction in PC incidence and mortality (6), use of any NSAID was associated with an increased risk of total PC in Europe (7-9), but a decreased risk of total PC in North America (10) (11) (12) (13) . One potential explanation is detection bias due to PSA screening as aspirin and NSAID lower PSA levels. To address this, we tested the association between aspirin and non-aspirin NSAID and PC in the REDUCE study (14) , where the vast majority of men underwent per-protocol biopsies regardless of PSA levels.
In REDUCE where all men had a negative pre-study biopsy and an elevated PSA, we found that use of aspirin and/or NSAID was associated with reduced risk of total PC and high-grade PC risk. These data are consistent with the hypothesis that anti-inflammatory drugs reduce PC risk supporting future clinical trials of anti-inflammatory drugs for PC prevention.
Three meta-analyses (4, 6, 17) and one systemic review (18) on anti-inflammatory drugs and PC risk, which were all published in the past four years, found a 10-18% reduced risk of total PC among aspirin users. The most recent meta-analysis on aspirin and PC risk, cohort studies (>40,000 PC cases) conducted mainly in North American and European countries, found that protection against total PC incidence was stronger for long-term aspirin use, defined as ≥4 years, as observed by others (6) . Indeed, RR from pooled analysis was 0.82 (95%CI 0.72-0.93) similar to the OR for the association between total PC and aspirin use (0.81, 95%CI 0.68-0.96) found in our REDUCE study. Huang el al. (17) also found that aspirin use was associated with a 17% reduced risk of high-grade PC, but no benefits were detected for low-grade PC. Although we observed a trend for reduced risk of low-and high-grade PC among aspirin users (OR=0.83, 0.77, respectively), the associations were not statistically significant. However, in our secondary analysis when aspirin and/or NSAID use was combined, anti-inflammatory medication use was associated with reduced risk of high-grade PC, consistent with the Huang et al. meta-analysis.
Although these recent data and our present study support the hypothesis that aspirin use may help reduce the risk of PC, the effects of other NSAID on PC risk is not so clear.
Indeed, a meta-analysis including over 100,000 PC cases worldwide found that use of any NSAID had either a null effect on PC, or was associated with an increased risk of PC in studies from Europe and with reduced PC risk in studies from North America (6).
Furthermore, use of non-aspirin NSAID was not significantly associated with PC incidence nor with low-or high-grade PC (6). These latter findings are in agreement with our present results showing no significant associations between non-aspirin NSAID and PC risk.
However, as the ORs for NSAIDs was <1, we cannot rule out a modest effect on PC risk.
Thus, further studies are needed to better assess the role of NSAIDs on PC risk. Of note, when NSAID use was combined with aspirin use, the risk of PC was significantly lower suggesting that NSAIDs may indeed be associated with lower PC risk. Furthermore, our present findings on the protective effect of aspirin and/or NSAID in the REDUCE study, where the majority of men were recruited from Europe and biopsies were performed independent of PSA, seem to indicate that previous studies conducted in European countries which showed a positive association between NSAID use and PC risk may have been subjected to bias due to PSA detection. Indeed, given that antiinflammatory drugs lower PSA levels and PSA screening is not as common in Europe as in North America, missed cancers in men taking aspirin and/or NSAID may had continued to grow and detected at a later stage, explaining in part the positive associations.
Hence, given that in REDUCE the inclusion criteria was men with an elevated PSA (2.5-10 ng/ml), and biopsies were performed independent of PSA levels, detection bias by lower PSA levels due to use of anti-inflammatory drugs is unlikely. Consistent with prior studies, we found that after adjusting for key confounders, PSA levels were lower in aspirin and/or NSAID users (14) . Of note, the effect in REDUCE of anti-inflammatory drugs on PSA levels was small which may represent the narrow spectrum of PSA values mandated by the study enrollment criteria. However, even after accounting for this effect, use of aspirin was associated with reduced risk of total and high-grade PC. Moreover, if we presume that anti-inflammatory drugs result in an "artificially lower" PSA level, then if we correct for this effect, the baseline estimated cancer risk in aspirin/NSAID users would have been even higher than modeled in our analyses. As such given that we found 
NSAIDs may indeed have a biological role in arresting PC development, though this requires formal prospective testing in randomized trials.
Several mechanisms have been proposed to explain the potential effect of antiinflammatory drugs on prostate carcinogenesis, mainly involving the cyclooxygenase enzymes (COX 1 and 2; also known as prostaglandin-endoperoxide synthases (PTGS)) pathway which aspirin inhibits (19) . Higher expression of COX-2 was found in prostate cancer and in prostatic intraepithelial neoplasia compared to benign human prostate tissue (20) (21) (22) , which also positively correlated with tumor grade (22) . Overexpression of COX-2 is associated with increased production of prostaglandins, which have been shown to be highly expressed in malignant prostate tissue (23) and to promote tumor growth through either 1) activation of COX-2 expression via a positive feedback loop (24); 2) increased resistance to apoptosis and enhanced proliferation (25, 26) ; or inhibition of immune surveillance (27) and suppression of natural killer cell activity (28) . Other possible mechanisms include aspirin's positive effects on the DNA mismatch-repair system and its role in decreasing DNA damage (29).
Our study was limited by the fact that data on aspirin and NSAID dose, frequency and duration of use were not available, which precluded us from examining more specific doseeffect relationships. Although our results are similar to those that reported aspirin amount and duration of intake (9), and other studies found no evidence of aspirin dose-effect (7, (30) (31) (32) (33) or frequency-effect (31, 34, 35) relationship, the inability to evaluate for a doseresponse relationship between aspirin/NSAID use and prostate cancer is an important limitation of this study. Second, we did not have updated data available on aspirin/NSAID use during the study. As there was likely drop-in and drop-out of aspirin/NSAID users, this Third, we did not have available data on markers of systemic inflammation, physical activity level, or diet which could have confounded the associations. However, our analyses were adjusted for coronary artery disease which we previously found to be an independent predictor of PC incidence (36) . Fourth, all men in the current study had an elevated PSA.
Thus, though once enrolled on the study, biopsies were generally independent of PSA, enrollment on the study was not. As such, this creates another selection bias. As data were unavailable regarding the men with a negative biopsy but who did not enroll in REDUCE due to not meeting the PSA entry criteria, it is unclear how this may have affected our results. Also, our study only included men with a negative biopsy. Men who reported use of anti-inflammatory medications were more likely to receive one on-study biopsy and thus be included in our study, though how this may have influenced our results is unclear.
Importantly, men who used anti-inflammatory medications were equally likely to receive a second on-study biopsy compared to non-users meaning all groups had equal opportunity to have their cancer detected. Thus, it is possible anti-inflammatory drugs influence the likelihood of PC on the first biopsy, which we could not test. Finally, the interaction between aspirin and/or NSAID with other medications was not tested since this analysis was beyond the scope of our study.
In summary, in REDUCE where all men had a negative baseline biopsy and an elevated PSA and received biopsies regardless of PSA levels, aspirin and/or NSAID use was associated with a reduced risk of total PC and high-grade PC. These data provide 
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